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ABSTRACT
ATRAZINE DEGRADATION, SORPTION, AND BIOCONCENTRATION
IN WATER SYSTEMS
The herbicide atrazine is used extensively to control broadleaf and
grass weeds in such crops as sorghum and corn. A small portion of the
atrazine may be lost from the area of application by surface runoff
and could enter a stream or lake. The objective of this study was to
evaluate atrazine degradation, sorption, and bioconcentration in water-
The results indicated that sediments with lower pHsediment systems.
values and higher organic matter levels adsorbed higher levels of atra-
zine than sediments with neutral pH values and lower organic matter
levels.
Microbial decomposition of the herbicide was slow under the
conditions of this study. Accumulation of atrazine by microorganisms in
The results indicated that thean aqueous system was demonstrated4
organic fraction of a water system may be the most important adsorption
Data from this study will be usefUl in assessing the ramifi-ccmponent.
cations of herbicides in aquatic ecosystems and provide a better under-
standing of the reactions of herbicides in sediment-water systans.
Jackson, R. L., and D. C. Wolf. 1983. Adsorption of atrazine by sedi-ments. 
J. Environ. Qual. 12:(submitted). ,.
Jackson, R. L., and D. C. Wolf. 1983.
bacteria and fungi. Soil Bioi. Biochan.
Bioconcentration 
of atrazine by
15: (submi tted) ., .
Keyworkds --*adsorption / aquatic bacteria / aquatic fungi / Bacillus /
*bioaccumula tion / degr~ation / *herbicide / microorgani3lls / *non-point
pollution / organic matter / Pseudcmonas / regression analysis / *sedi-
ments / soil bacteria / soil fungi / soil physical properties..
(ii;)
LIST OF TABLES
Table 1. Physical and chemical properties of the sediments studied
Table 2. Simple correlations between sediment properties and atrazine
adsorption or K values. "
Table 3. Comparison of three methods of calculating ~reundlich K and N
values and coefficients of detennination (R ) for atrazine
adsorption by eight sediments~
Table 4.
Table 5.
Respiration rate of sediment samples amended with two levels
of atrazine and incubated 35 days.
14, 14Percent of C recovered as CO frcm two rates of ring or
side chain-labeled atrazine addea to a sediment-water system.
Table 6. Comparison of three methods of calculating 2reundlich K and N
values and coefficients of determination (R) for atrazine
adsorption by four microorganisms in the nonautoclaved (NA) and
autoclaved (A) condition.
Table 7. Atrazine adsorption per surface area for two bacteria.
(iv
LIST OF FIGURES
Figure 1. Chemical structure and chemical properties of the herbicideatrazine.
Figure 2. Sediment sample collection sites for the atrazine adsorptionstudy. 
All samples were collected during September of 1980.
Figure 3. Freundlich adsorption isotherms for atrazine adsorp~ion by
four sediments.
Figure 4. Freundlich adsorption isotherms for atrazine adsorption by
four sediments.
Figure 54 Freundlich isotherms for atrazine adsorption by autoclaved
and nonautoclaved cells of bacterium B. cereus.
Freundlich isotherms for atrazine adsorption by autoclaved
and nonautoclaved cells of the bacterium P. aeruginosa.
Figure 6.
Freundlich isotherms for atrazine adsorption by autoclaved
and nonautoclaved mycelia of the fungus P. frequentans.
Figure 7.
Freundlich isotherms for atrazine adsorption by autoclaved
and nonautoclaved mycelia of the fungi H. toruloidea.
Figure 8.
Possible mechanism for the adsorption of atrazine by cell
walls of microoI&anisms.
II
Figure 9.
(v)
1INTRODUCTION
Approximately 82% of the corn acrecge and 73% of the sotghum acre-
age are located in the Mississippi ~ver drain~e area. The herbicide
atrazine (2-chloro-4-(ethylamino)-6-(isopropylamino)-~-triaz1ne) is used
extensively for selective control of broadleaf and grass weeds in these
crops (Fig. 1). Atrazine is manufactured by the Ciba-Geigy Corporation,
Agricultural Division and is marketed under the trade name of AAtrex*
Atrazine is a photosynthetic inhibitor that is absorbed through both
roots and foliage and translocated acropeta11y in the xylem and accumu-
lates in the apical meristems and leaves of plants (Ashton and Crafts,
1973).
Atrazine sprays may be applied preplant, preanergence, or post-
emergence normally before weed seedlings reach a height of approximately
4 cm. Application rates of 2.2 to 4.5 kg/ha are required for selective
control in most situations.
Atrazine is normally not found below a soil depth of 30 cm in
detectable quantities even after prolonged use~e (Hilton, 1974). Run-
off frOOl atrazine-treated fields contains measurable quantities of the
herbicide4 The amount of herbicide lost from nonpoint sources varies
Several studiesdepending on soil, topography and hydrology of the area.
have reported atrazine losses in the range of 18.0 -1.2% of the total
quantity applied, however, generally losses of less than 3% occurred
(White et a1., 1967; Hall et a1., 1972; Ritter et a1., 1974; Hall and
Pawl us , 1973; Hall, 1974; Triplett et al., 1978). Wu 1980) reported
17 g/ha dissolved atrazine was discharged near the bottcm of a drain~e
channel of a corn field watershed in Maryland.
2CI
r'-'b NAN
b:~H-lJ- NHCH2CH3I N
CH3
ATRAZINE
Chemical Name: 2-chloro-4-ethylamino-6-isopropylamino-~-triazine
Gommon Name: Atrazine
Molecular Weight: 215.7 amu
Water solubility: 33 mg/l
pKa: 1.85
Fig. 1 -Chemical structure and chemical properties of the herbicide
atrazine.
3Soil and sediment chanical and physical properties determine her-
bicide adsorption characteristics (Bailey and White, 1964). Hance
(1974) reported that atrazine adsorption was reduced when the soil
organic matter was ranoved by treatment with H202. Hays et a1. (1968)
showed that as the amount of soil organic matter increased, the amount
of triazine adsorption also increased. Lad1ie et a1. (1976) reported
that adsorption increased with decreasing soil pH for the triazine herbi-
cide, metribuzin. Cobert et a1. (1975) and Weber (1966) have also found
that adsorption of atrazine is dependent on pH of the soil. They reported
that atrazine adsorption decreased as pH increased from 5.2 to 8 in a
study of ten soils.
Once the atrazine enters a water systan, the partitioning of
atrazine between the aqueous and solid phases of the water-sediment
systan largely determines the jmpact of the herbicide on water quality
and aquatic ecosystans. Correll et al. (1977) have postulated about
the importance of the suspended particulate phase of runoff water in
relation to atrazine concentrations. More than 50 percent of the
atrazine lost from a watershed was in the suspended particulate phase,
which consisted of approximately 50 percent mineral and 50 percent
organic materials. The majority of suspended particulates was probably
the finer soil particles such as clays, which are more easily eroded.
It is possible that the clays could either protect certain compounds or
stimulate their decomposition. Moyer et al. (1972) reported that the
presence of 7.5 -38% clay in a soil slightly increased the persistence
of atrazine. Montmorillonite has been shown to have no effect on the
rate of atrazine hydrolysis in soils (Armstrong and Chesters, 1968).
However, clays have been shown to have a stimulatory effect on the growth
4and activity of soil bacteria and fungi (Filip, 1973). Clays have also
been shown to stimulate microbial decomposition of various compounds
such as aldehyde and benzene rings.
Once atrazine has entered the water system and is partitioned
between the sediment and aqueous phase, degradation of atrazine will
determine the length of time atrazine will persist. Atrazine may be con-
verted to nonphytotoxic hydroxyatrazine by chemical hydrolysis which does
not require the presence of a biological system (Armstrong et al., 1967).
However, microbial degradation has been shown to be important in metab-
olism of the ethyl and isopropyl side chains of atrazine (Couch et aI,
1965; Kaufman et al., 1965; Skipper et al., 1967). The addition of a
microbial energy source such as glucose has been shown to increase the
14evolution of CO2 from ring-labeled atrazine in a soil decomposition
study (Wagner and Chahal, 1966). An increase in the tanperature of
incubation has also been shown to stimulate atrazine degradation (Roeth
et al., 1969). Goswami and Green (1971) reported that chemical hydrolysis
of atrazine to hydroxyatrazine increased the microbial clevage of the~-
triazine ring which was a measure of microbial degradation. Apparently
several microorganisms can degrade atrazine and utilize the ethylamino
and/or isopropylamino side chains of the herbicide as carbon and nitrqgen
sources (Kaufman and Kearney, 1970).
In addition to microbial degradation of atrazine, it is possible
that the canpound could be adsorbed and/or absorbed and not degraded by
the microorganisms in the sediment-water system. The bioaccumulation of
the canpound could play an important role in partitioning atrazine in the
water systan.
5Since approximately one-half of the particulate material Correll
et al. (1977) reported was organic, atrazine bioaccumulation by micro-
organisms may have been partially respc)nsible for the higher concentra-
tions in this suspended phase. GrjJnes and Morrison (1975) have investi-
gated the bioconcentration of chlorinated hydrocarbon insecticides by
thirteen 8011 bacteria. They observed bioaccumula tion of various
insecticides with all the bacteria studied, and found that the degree
of bioconcentration was inversely proportional to the water solubilities
of the insecticides. Once sorption had occurred, the insecticides were
not easily desorbed from the bacterial cells. They suggested that the
pesticides were sorbed into the lipid material of cells, and that de-
sorption may not occur even after cells died and lysed. Paris et al
(1977) conducted bioconcentration studies of toxaphene by soil micro-
organisms. They observed that cultures of autoclaved fungi, bacteria,
and algae sorbed just as much toxaphene as viable cells of the sane
treatments, and thus, suggested that bioconcentration is not an active
Percich and Lock~od (1978) found that mycelia of six living
process.
actinomycetes species accumulated between 900-4,300 ~g atrazine/g dry
my lium.
Autoclaved mycelium sorbed 100 1Jg atrazine/g dry mycelium
during the same time period. Greater variability was observed with
Living fungal mycelium bioaccumulated between 20-6,600 JAgfungi.
atrazine/g dry mycelium.
The research work reported above has been primarily related to soil
systems and thus is of limited use in evaluating possible atrazine per-
Limited data are availablesistence and accumulation in a water system~
Before thefor atrazine degradation and adsorption in water systems.
environmental consequences of possible herbicide addition to water
6systems can be evaluated, research must be conducted to determine the
fate of atrazine in a water system.
Specific objectives of this research were to:
1. Determine atrazine adsorption characteristics of sediments
collected from various ~ter systems and invest~ate the
mechanism of adsorption.
2. Assess the magnitude of atrazine bioconcentration by several
microorganisms found in water systems.
3. 4Uantitate atrazine degradation rates in sediment-water systems.
MATERIALS AND METHODS
Atrazine Adsorption by Sediments
Sample Collection: Sediment samples were collected with an Ekman
Dredge at e~ht. sample sites within Arkansas in September, 1980 (Fig. 2).
Three sub-samples were obtained at each site, combined, air dried, and
sieved to pass a 2 mm sieve.
Adsorption Measurements: The batch equilibrium procedure (Talbert
and Fletchall, 1965) and liquid scintillation techniques were utilized
to determine adsorption of ring 14C labeled atrazine (2-chloro-4-(ethyl-
amino)-6-(isopropylamino-~-triazine). The 14c atrazine had a specific
activity of 50.1 ~Ci/mg and a purity of 99.6%. The atrazine was obtained
from the Ciba-Ge~y Corporation, Agricultural Division, Greensboro, NC.
The equilibrium solution was 0.01 ~ CaC12 amended with 10-4~,
-5 -5 -6 -75 x 10 ~,10 ~,10 ~ and 10 ~ atrazine which were equivalent to
21.57, 10.79,2.15,0.22 and 0.02 ~g/ml, respectively. In all tests,
the equilibrium solution to sediment ratio was 10:1 and 2 g of sediment
and 20 ml of solution was used. A preliminary study indicated that an
,
7Spavinaw Creek
.Arkansas River
Bayou DeViewCache River. 
Big Bayou
Ouachita River. .
Bayou Bartholomew. .
Beouf-Rive~
Fig. 2 -Sediment sample collection sites for the atrazine adsorption
study. All samples were collected during September of 1980.
8equilibrium time of 24 hrs was sufficient and all studies were analyzed
after 24 hrs of horizontal shaking at low speed on a Eberback horizontal
shaker. The CaClZ and atrazine solutions were sterilized by membrane
filtration through membranes with a 0.45 ~m pore diameter. The pH of
the equilibrium solution was measured before and after the tests using
a combination electrode and a Corning 135 pH ion meter. After shaking,
0.1 ml of the equilibrium solution was transferred by a Eppendoff pipette
to 20 ml of a dioxane based scintillation cocktail containing 120 g
naphthalene, 4 g 2,5-diphenyloxazole and 0.05 g 2,2-p-phenylenebis [5-
phenyl-oxazole] per liter of p-dioxane (all chemicals, Eastman Chemical
Co., scintillation grade).
Properties of Sediments: The physical and chemical properties of elec-
trical conductivity (EC) , cation exchange capacity (CEC) , percent sand,
silt, and clay, pH, total organic carbon (TOC) , and extractable content
of phosphorous (P), potassium (K), calcium (Ca) , sodium (Na) and magnesium
(Mg) were determined for each sediment.
The EC (~mho/cm) was measured by a Yellowsprings model 34 FL con-
ductivity bridge with a 2:1 solution to sediment extract ratio. The
ammonium saturation method (Chapman, 1965) was utilized to obtain CEC
(meq/100 g) values. Percent TOC was determined by the dry combustion
proceedure (Allison, 1965) and the hydrometer method (Day, 1965) was
used to determine texture. Extractable P levels were determined on
acid fluoride extracts using spectrophotometric techniques (Olsen and
Dean, 1965). Extractable K, Ca, Na, Mg were deteDnined on 1! ammonium
acetate extracts in conjunction with flame spectrophotometry (Pratt,
1965).
79
Atrazine Degradation Studies
Sample Collection: Sediment samples were collected from Clear Creek,
Washington Co., AR. The sample was passed through a 2 mm sieve and placed
in 50U ml flasks each with a 20 g portion on a dry ~ight basis.
Incubation: Degradation rates were determined for concentrations
of 1.0 ~ g/ml and 0.10 ~g/ml l4C ring and ethyl side chain labeled atrazine.
A portion of the sediment samples with 1.0~g/ml atrazine concentrations
were treated with separate amendments of 100 mg of glucose or 100 mg
of peptone.
The flasks were connected to a CO2 collection apparatus at 25°C
and were kept in constant motion on an orbital shaker at 150 revolutions/
minute. Air was passed through a ~ KOH prescrubber allowing CO2-free
air to pass over the sediment. The CO2 evolved from the sediment was
collected in 25 ml of 0.5 ! KOH. Total CO2 evolution was determined by
the method of Stotzky (1965). A 5 ml portion of the KOH was added to 10
ml 2! BaCl2 and titrated with a standardized 0.5! HC1. The total CO2
evolved was used to estimate total heterotrophic microbial activity.
14Liquid scintillation techniques were used to determine the CO2
produced. A O.l-ml of the 0.5! KOH was added to 20 ml of scintillation
14solution and counted. Both CO2 and CO2 evolution were measured at
intervals of 3, 10,25, and 35 days. A minimum of two replications
14 14were performed for each concentration of C ring-labeled and C ethyl
side chain-labeled atrazine.
Atrazine Bibconcentration
Organisms and Culture Techniques: Two bacteria, Bacillus cereus
ATCC 1178 and Pseudomonas aeruginosa ATCC 14886 and two fungi
Penicillium frequentans ATCC 10444 and Hendersonula toruloidea
10
(Martin et al., 1972) were incubated in 100 ml of liquid media at 24-26°C
for three days on an orbital shaker. The media selected allowed a maxi-
mum three day growth for the respective organisms. The media were for
~ cereus: beef extract 3.0 g/l and peptone 5 g/l; ~ aeruginosa: tryptone
5 g/l, yeast extract 2.5 g/l and glucose 1.0 g/l; ~ frequentans: and
~ torulodiea; glucose 10 g/l, K2HPO4 2g/l, peptone 0.8 g/l, yeast extract
U.2 g/l and 1 mill of trace element solution. The trace element solution
consisted of (per liter) 3.0 g CaC12; 0.4 g CuS04 5H20; 2.0 g Fe(NH4)2
(8°4)2 12 H2O; 1.0 g ZnS04 7H20; 1.0 g MnS04 H2O; 0.1 g CoC12
bH20; 0.1 g H3B03; and 0.05 g (NH4)6 Mo7024 4H20.
Bacterial cells and fungal mycelia were harvested by transfer to
pre-weighted tubes for centrifugation and three washes with sterile
H2O. Bioconcentration was measured for both nonautoclaved and autoclaved
cells. For those tests conducted with autoclaved bacteria and fungi, the
harvested organisms were autoclaved for 1 hr at 1.4 bars (15 psi) and
121°C. After each test, the dry cell and dry mycelium weight were deter-
mined by drying to a constant weight. Atrazine bioconcentration was
determined by the batch equilibrium and liquid scintillation proce-
dures as described for the sediment studies. Equilibrium solution to
dry cell/mycelium weight varied frcm 2000:1 to 50:1.
Desorption measurements: After 24,48 and 72 hrs, one half volume of the
equilibrium solution was decanted and this volume replaced by sterile 0.1~
CaC12. After the respective 24 hr intervals, the equilibrium solution
was centrifuged and 0.10 ml was removed and placed in 20 ml of scintillation
fluid for the determination of 14C atrazine having been desorbed. A
minimum of two replications were performed for each organism and each
treatment.
11
Statistical Methods
bediment Analysis: The Freundlich equation (Travis and Etnier, 1981)
was used to mathematically describe the atrazine adsorption and is pre-
sented in equation [1].
S = KCN [1]
where S = amount of atrazine adsorped, ~g/g
K -distribution adsorption coefficient
C = equilibrium concentration, ~g/ml
N = constant
The K and N values were obtained for each sediment by plotting log
C values (independent variables) against log S values (dependent variables)
using linear regression techniques (Helwig and Council, 1979). In this
regression technique, K values are the antilog of the y intercept. All
lqg C and log S values at each atrazine concentration for all replications
were combined into a single regression representing each sediment sample.
In addition to using the Freundlich equation to describe adsorption, a
multiple regression procedure (Helwig and Council, 1979) was utilized to
evaluate the influence of sediment properties on atrazine adsorption.
Correlation coefficients and the corresponding significance levels were
established between the physical and chemical properties of the sediments
and their respective K values.
Bioconcentration Analysis: The Freundlich equation was used to cal-
culate atrazine adsorption on the four microorganisms which were both
nonautoclaved and autoclaved. All log C and log S values at each atrazine
concentration for all replications were canbined into a single regression
line representing each nonautoclaved and autoc1aved microorganism. Dif-
ferences in adsorption capacities of the microorganisms were canpared by
12
mean separation of the respective K values using the Duncans multiple
range test.
.13
RESULTS AND DISCUSSION
Atrazine Adsorption by Sediments
The sediment samples collected had a range in percent total organic
carbon fran 0.01% to 2.17% (Table 1). The pH values ranged fran a low
of 5.6 to a high value of 7.7. The CEC values were all low with the
highest value being 6.7 meq/100g. The three sediment sanples with the
highest Ct.C values also contained the highest percent total organic
carbon and/or percent clay. Six of the ejght sediment samples contained
less than 7 percent clay and as a result of their coarse texture they
+ +2 +2 +
contained low concentrations of K ,Ca ,Mg ,and Na. All samples
contained relatively low levels of extractable phosphorus.
Freundlich adsorption isothenns for ejght Arkansas sediment samples
were prepared (Figs. 3 and 4). The isothenns were derived by plotting
the amount of atrazine adsorbed, S, against the atrazine concentration in
the equilibrium solution, C, for each sediment.
The isotherms all exhibited slopes, N, approximating 1.0. All co-
efficients of determination were greater than 0.86. Of the ejght river
sediments studied, the K values ranged fran 0.61 for sediment fran Bayou
DeView to 4.20 for sediment collected fran the Cache River. The remaining
six sediments had a narrow K value range of 0.97 to 2.14. The Cache
River sediment had the highest K value and also had the highest percent~e
of total organic carbon and a relatively low pH (Table 1). Previous
studies by Obrigawitch et al. (1981), Biggar et al. (1978) Karickhoff
et al. (1979), Carringer et al. (1975) and Savage (1976) have shown hjgh
positive correlations between the amount of organic matter in soils and
their absorptive capacity toward a variety of organic pesticides. BrCMn
and Flagg (1981) studied atrazine adsorption by the silt fraction of a
14
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freshwater sediment and found a K value of 7.07. Atrazine partition co-
efficient between octanol and water was highly correlated with organic
carbon in the silt. Rao and Davidson (1979) stated that adsorption of
pesticides such as atrazine, was correlated to a greater extent to the
amount of organic matter present in a soil rather than different soils.
In a study of 25 soils, Walker and Crawford (1970) also reported a
linear correlation between atrazine adsorption and the soil organic C
content. However, Karickhoff et al. (1979) suggested that the humic
materials associated with sand were less efficient in adsorption of
methoxychlor than humic materials associated with the silt and clay
fractions.
Colbert et al. (1975) reported that atrazine adsorption decreased in
10 soils as the pH increased from 5.2 up to 8.0. The correlation co-
efficient between pH and atrazine adsorption was -0.47. Adams and
Pritchard (1977) found that atrazine phytotoxicity decreased as soil pH
decreased and organic matter increased. The decrease in phytotoxcity
was attributed to increased atrazine adsorption and hydrolysis.
Correlations between atrazine adsorption, as indicated by K values,
and sediment properties listed in Table 1 were evaluated (Helwig and
Council, 1979). The correlation coefficient between the Freundlich K
value and TOG was 0.733 which was significant at the 0.05 level (Table 2).
The correlation coefficient between K and pH was -0.624 and was signifi-
cant at the 0.10 level. Colbert et al. (1975) reported a correlation co-
efficient between atrazine adsorption and soil pH of -0.47 for soil pH
values of less than or equal to 8.0. Correlation coefficients for TOG
and CEC, percent sand, and percent silt were 0.867, -0.808, and 0.824,
respectively. In general, CEC and percent silt were not thought to be
18
Table 2. Simple correlations between sediment properties and atrazine
adsorption or K values.
Sand Silt Clay pH TOG
K 0.631 -0.624 0.733
* * **
EC 0.657
*
CEC -0.884 0.835 0.693 0.867
*** *** * ***
Sand -0.977 -0.676 -0.808
*** * **
Silt 0.824
**
*, **, *** Significant at the 0.10,0.05 and 0.01 levels, respectively.
19
important in atrazine adsorption in the pH range of the sediments tested,
but rather, their influence on TOC was concomitant.
A stepwise multiple regression analysis was performed and the
resulting equation which related atrazine adsorption to sediment proper-
ties is given in equation 2.
K = 5.240-0.620 (pH) + 0.977(TOC) [2]
where
TOC is expressed as a percentage
.pl:i is expressed as units
The coefficient of determination or R2 value for the above relation-
ship was 0.69 and was significant at the 0.05 level.
An evaluation of atrazine adsorption as determined by Freundlich
K and N values can be calculated anyone of three ways. The traditional
method was used and involved the generation of one line using all data
points and the values are given in Table 3. A second method was used
to calculate K and N values which used a method of averaging the indivi-
dual K and N values for each of two replications and was designated as
unwejghted. A third method used a ~ighting technique and was designated
as wejghted. As can be seen frcm Table 3, the three methods ccmpared
favorably for K values for such sites as Boeuf Bayou and Spavinaw Creek,
but in other cases the three methods yielded large differences in K
values with the greatest difference found for the Ouachita River sample.
Both the weighted and unweighted methods of calculating N values
showed that none of the values were significantly different frcm 1.00.
The coefficients of determination for both ~ighted and the one line
methods were all greater than 0.86.
20
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14 14Table S. Percent of C recovered as CO from two rates of ring or
side chain-labeled atrazine addea to a sediment-water systan.
Atrazine P~~ition of Amend- Incubation Time (days)
Concentration C-Label ment 3 10 2S 3S
14 14
---~g/ml accumulative % C recovered as CO ---
2
0.1 chain --0.0 0.0 3.8 3.8
U.l ring --0.0 0.0 0.9 2.3
1.0 chain --0.6 1.0 4.9 S.2
1.0 ring --0.6 0.6 2.0 3.2
1.0 chain glucose 2.8 2.9 3.0 3.2
1.0 chain peptone 1.1 1.1 3.1 3.8
1.0 ring glucose 0.7 0.7 2.1 2.1
1.0 ring peptone 0.0 0.6 2.3 2.4
24
The addition of the readily available carbon and energy sources of
glucose and peptone had no apparent influence on the rate of atrazine
decomposition which agrees with previous work reported by Wolf and Martin
(1975) but does not agree with wrk by Wagner and Chahal (1966) and McCor-
mick and Hiltbold (1965).
It should be noted that the rate of atrazine degradation was low in
all cases in the incubation. The low values were at the detection limits
of the available instrumentation and thus the error associated with each
number may be large. In the sediment-water system used in the present
study, the data indicated that atrazine degradation would be slow.
Atrazine Bioconcentration
The adsorption capacity of the bacteria and fungi studied increased as
the concentration of atrazine in solution increased. Freundlich adsorp-
tion isotherms (Figs. 5-8) were derived by plotting the amount of atrazine
adsorbed (5) against the concentration of atrazine in the equilibrium
solution (C) for each organism in both the non-autoclaved and autoclaved
condition. The adsorption isotherms were linear in nature with a slope,
N, ranging from 1.09 to 0.74 with an overall mean of 0.95. Coefficients
2of determination, R , were above 0.80 for all adsorption isotherms. The
Freundlich distribution adsorption coefficients or K values were used as
indices for comparing the amount of atrazine adsorbed by the two bacteria,
Bacillus cereus (Gram +) and Pseudomonas aeruginosa (Gran -) and the two
fungi, Penicillium frequentans and Hendersonula toruloidea.
The K values for all organisms tested both non-autoclaved and auto-
claved were much hjgher than the K values obtained from the ejght Arkansas
sediment samples tested.
The Freundlich K values for both the bacteria increased over three-
25
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fola When the samples were autoclaved. For the two fungi, the K values
were only slightly greater in the autoclaved compared to the nonautoclaved
fungi. For the nonautoclaved samples, atrazine adsorption was greatest for
the fungus P. frequentans and least for the bacterium B. cereus. \'I1:len
the samples were autoclaved, the largest K value was for the bacterium
P. aeruginosa and least for the fungus H. toruloidea.
As with the sediment samples, three methods were used to derive
F'reundlich K and N values (Table 6). Percich and Lockwod (1978) reported
that actinomycete and fungal mycelia accumulated atrazine from water
concentrations up to 87-fold and 132-fold, respectively, over that in the
ambient medium.
The high adsorption or K values for the test organisms were not the
result of metabolic activity since the K values of the autoclaved o~an-
isms were greater than the K values obtained from the viable organisms.
Paris and Lewis (1976) autoclaved bacteria and fungi and performed ad-
sorption tests with the chlorinated hydrocarbon insecticide methoxychlor.
They found that the autoclaved cells sorbed as much or more of the pest-
icide than the viable cells, which indicated that the adsorption was not
the result of a metabolically active process. Paris et a1. (1977) reached
the same conclusion using another chlorinated hydrocarbon insecticide,
toxaphene, in adsorption tests with autoclaved bacteria and fungi.
Atrazine is not a highly lipid soluble pesticide like toxaphene and
methoxychlor and, therefore, would not be expected to be as strongly
adsorbed to bacterial cell wall surfaces that are rich in lipoprotein.
It would appear that the electrostatic nature of the microbial cell wall
surface could be largely responsible for the hjgh amount of atrazine
adsorption. Most bacterial cells carry a negative surface charge at
.
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neutral ph. Also, negatively charged carboxyl sites and positively charged
amino sites may be prevalent on the cell wall (Umbreit, 1976). Through
hydrqgen bonding or van der Waals forces, atrazine may be attached to such
areas on bacterial and fungal cell walls. A possible mechanism of adsorp-
tion is presented in Fig. 9.
Autoclaving would cause bacterial cells and fungal mycelia to lyse
and thus release any soluble cell contents Which would result in a
greater surface area exposed for possible adsorption sites per unit ~ight
of cell material. The autoclaved K values for the four test organisms
were greater than the nonautoclaved K values in support of this hypothesis.
The K values for the autoclaved bacteria and fungi also appeared to in-
dicate that the bacteria may be more susceptible to cellular damage by
autoclaving due to their individual cellular nature.
The amount of atrazine adsorbed to the bacteria was calculated on a
molecule per given surface area. Scanning electron photcmicrqgraphs were
prepared of samples fram broth cultures of B. cereus and P. aeruginosa at
magnifications ranging frcm 4.5 x 103 to 6.5 x 103. Aver~e cell length
and width were determined frcm the photamicrqgraphs. Buchanan and Gib-
bons (1975), report the aver~e length for B. cereus to be 3.0 -5.0 ~m
with an average width of 1.0 -1.2 ~m. For P. aeruginosa they reported
an average length of 1.5 ~m and an aver~e width of 0.5 ~m. The cultures
photographed and measured in the present study, had an aver~e length of
3.9B ~m and an aver~e width of 0.93 ~m for B. cereus. P. aeruginosa had
an aver~e length of 1.13 ~m and aver~e width of 0.41 ~m. Surface area
(SA) was determined for the rod shaped bacteria using equation [3].
2SA = 21TR + 11Td [3]
where
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R = cell radius
1 = cell length
d = diameter of cell
2The SA for a B. cereus cell was calculated to be 12.99 '.1m while ~
aeruginosa SA per cell was 1.72].1m2.
The number of cells/g dry wejght were determined by the spread plate
technique. At the time of harvest, B. cereus had grown to 4.5 x 1010
12cells/g and P. aeruginosa was at 4.8 x 10 cells/g. The Freundlich K
values were expressed in units of g of atrazine adsorbed/g of dry cell
wejght. As an example of the calculations involved, if one used a 100 mg
15as a typical value of dry cell wejght per test and 2.7909 x 10 as the
number of molecules/ g atrazine, the number of atrazine molecules adsorbed
2per m cell surface could be calculated using equation [4].
No. molecules atrazined b d 2 ell (No. molecules atrazine/ ug) (K) [4]a sor e per].lm c =
surface (cell no./0.10 g) (surface area/cell)
2The relative amounts of molecular atrazine adsorbed per].lm by~
cereus and P. aeruginosa both nonautoclaved and autoclaved are given in
Table 7.
Considering atrazine adsorption to bacteria as a nonmetabolic process,
those bacteria with the largest surface area per unit dry wejght would
act as the greatest atrazine adsorptive sink given the same K values. Due
to difficulties in calculating surface area of fungal mycelia, similar
adsorption calculations could not be completed for the fungi.
Results from the bioconcentration research indicated that nonauto-
claved and autoclaved bacteria and fungi adsorb the herbicide atrazine.
35
Table 7. Atrazine adsorption per surface area for two bacteria.
Bacterium Nonautoclaved Autoclaved
2
--molecules of atrazine/ ~m of cell surface--
4 5B. cereus 6.14 x 10 1.68 x 10
3 4P. aeruginosa 5.66 x 10 1.98 x 10
36
CONCLUSIONS
Atrazine is an important herbiciDe in the corn and sorghum producing
areas. Loss of atrazine in runoff from atrazine-treated fields has gen-
erally been shown to be low. Once the atrazine enters a sediment-water
system, the herbicide is partitioned between the solid and the aqueous
phase. Sediments with lower pH and higher total organic carbon levels
would be expected to adsorb higher amounts of atrazine than sediments
with higher pH and lower organic carbon levels. The greater the amount
of atrazine adsorbed by the sediment, the lower the level of atrazine in
the aqueous phase.
Microbial degradation of atrazine in the sediment-water systan used
in this study was slow. The chain-labeled atrazine appeared to be de-
graded to CO2 at a higher rate than the ring-labeled material. Addition
of supplemental carbon sources in the form of glucose or peptone did not
appear to influence the rate of atrazine degradation.
Hioconcentration of atrazine by fungi and bacteria was demonstrated.
The results indicated that the organic component of the suspended parti-
culate matter in a water system may be an active adsorptive site.
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